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TN THE UNITED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF: : 

TAKANOBU SUGO ET AL : ATTN: APPLICATION DIVISION 

SERIAL NO: NEW APPLICATION : 
(Based on PCT NO/JP00/02699) 

FILED: HEREWITH : EXAMINER: 

FOR: METAL-COLLECTING APPARATUS: 
AND METHOD FOR ELUTION AND 
RECOVERY OF METAL FROM METAL- 
COLLECTING MATERIAL 

PRET JMTNARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to examination on the merits, please amend the above-identified application as 
follows. 

IN THE CLAIMS 

Please amend the claims as shown in the marked-up copy following this amendment 
to read as follows: 

3. (Amended) The metal collector of Claim 1 wherein said collecting material has a 
metal adsorbing functional group introduced into a fiber substrate via radiation-induced graft 
polymerization. 

4. (Amended) The metal collector of Claim 1 wherein said collecting material has a 
metal adsorbing functional group including an amidoxime group and/or imidodioxime group. 



5. (Amended) The metal collector of Claim 1 wherein said collecting material has a 
thickness of 0.5-3.0 mm. 

7. (Amended) A method for collecting a metal in a stream current comprising 
placing the metal collector of Claim 1 in the stream current. 

12. (Amended) The process of Claim 9 further comprising the step of washing the 
collecting material before step 1 with the effluent from step 1 and/or the effluent from step 3 
(effluent from resorption of the target metal to a metal resorbing material). 

13. (Amended) The process of Claim 9 wherein the effluent from step 3 (effluent 
from resorption of the target metal to a metal resorbing material) is used as an eluent in step 
1. 

14. (Amended) The process of Claim 9 further comprising the step (4) of contacting 
the metal resorbing material having resorbed the target metal from step 3 with an eluent more 
concentrated than the eluent used in step 3 to recover the target metal in the eluent. 

15. (Amended) The process of Claim 9 wherein the metal collecting material to be 
treated contains an amidoxime group and/or imidodioxime group. 

16. (Amended) The process of Claim 9 wherein the metal collecting material to be 
treated is in the form of a woven or nonwoven fabric consisting of a fiber assembly. 

17. (Amended) The process of Claim 9 wherein the metal collecting material to be 
treated is prepared by using radiation-induced graft polymerization. 



REMARKS 

Claims 1-17 are active in the present application. Claims 3-5, 7 and 12-17 have been 
amended to remove multiple dependencies. No new matter is added. An action on the merits 
and allowance of the claims is solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 




Norman F. Obion 
Attorney of Record 
Registration No. 24,618 



Daniel J. Pereira 
Registration No. 45,518 
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Marked-Up Copy 

Serial No: . 

Amendment Filed on: 

f 0-33-01 

IN THE CLAIMS 

3. (Amended) The metal collector of Claim 1 [or 2] wherein said collecting material 
has a metal adsorbing functional group introduced into a fiber substrate via radiation-induced 
graft polymerization. 

4. (Amended) The metal collector of [any one of Claims 1 to 3] Claim 1 wherein 
said collecting material has a metal adsorbing functional group including an amidoxime 
group and/or imidodioxime group. 

5. (Amended) The metal collector of [any one of Claims 1 to 4] Claim 1 wherein 
said collecting material has a thickness of 0.5-3.0 mm. 

7. (Amended) A method for collecting a metal in a stream current comprising 
placing the metal collector of [any one of Claims 1 to 6] Claim 1 in the stream current. 

12. (Amended) The process of [any one of Claims 9 to 1 1] Claim 9 further 
comprising the step of washing the collecting material before step 1 with the effluent from 
step 1 and/or the effluent from step 3 (effluent from resorption of the target metal to a metal 
resorbing material). 13. (Amended) The process of [any one of Claims 9 to 12] Claim 9 
wherein the effluent from step 3 (effluent from resorption of the target metal to a metal 
resorbing material) is used as an eluent in step 1 . 



14. (Amended) The process of [any one of Claims 9 to 13] Claim 9 further 
comprising the step (4) of contacting the metal resorbing material having resorbed the target 
metal from step 3 with an eluent more concentrated than the eluent used in step 3 to recover 
the target metal in the eluent. 

15. (Amended) The process of [any one of Claims 9 to 14] Claim 9 wherein the 
metal collecting material to be treated contains an amidoxime group and/or imidodioxime 
group. 

16. (Amended) The process of [any one of Claims 9 to 15] Claim 9 wherein the 
metal collecting material to be treated is in the form of a woven or nonwoven fabric 
consisting of a fiber assembly. 

17. (Amended) The process of [any one of Claims 9 to 16] Claim 9 wherein the 
metal collecting material to be treated is prepared by using radiation-induced graft 
polymerization. 
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SPECIFICATION 



METAL -COLLECTING APPARATUS AND METHOD FOR ELUTION AND 
RECOVERY OF METAL FROM METAL -COLLECTING MATERIAL 

FTELD OF THE INVENTION 



structure of metal collector using a fibrous collecting 
material for use in water to collect a metal in a liquid 
medium such as seawater or river water. The metal 
collector using a fibrous collecting material of the 

10 present invention can be used to collect valuable metals 

such as uranium, vanadium or titanium contained in seawater 
as well as to remove noxious heavy metal ions from seawater 
or river water or industrial wastewater. 

Another aspect of the present invention relates to a 

1 5 process for efficiently separating and recovering valuable 
metals or noxious metals from a metal collecting material 
having collected said valuable metals from seawater or 
noxious metals from river water or wastewater with the 
least possible waste generation. 

20 

PR TOR ART 

Conventional means for adsorbing and removing minor 
amounts of noxious substances or valuable metals from large 
amounts of aqueous media such as seawater or river water 
2 5 typically involves passing seawater or river water through 
a column or the like packed with a granular adsorbent such 
as an ion exchange resin to remove the noxious substances 
or valuable metals . 



5 



An aspect of the present invention relates to a 
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Especially, seawater is rich in valuable metals such 
as uranium, titanium, cobalt and vanadium. If these almost 
totally imported metals could be collected from seawater, a 
long-cherished Japanese wish for self-supply of energy 
5 would be fulfilled and oversea dependence on valuable rare 
metals would be decreased, and it would also contribute to 
protection of the global environment. 

Attempts to collect valuable metals in seawater were 
made in about 1960 in the UK and in early 1970s in Japan. 

1 0 These attempts used a collecting material based on titanic 
acid, which had low collecting capacity or collecting speed 
and insufficient durability. Therefore, economically more 
advantageous means were sought but no techniques for col- 
lecting valuable metals from seawater have been developed 

1 5 from the viewpoint of protection of the global environment , 
resource/energy saving and guarantee of long-term energy 
sources. For example, the method for introducing seawater 
into a collector by column circulation to recover uranium 
had the problem that pumping power accounts for most of the 

2 0 energy of recovered uranium. Studies showed that 50% or 
more of the energy of uranium collected from seawater by 
adsorption to a granular adsorbent was consumed for pumping 
power during collection. Thus, it is essential in this 
field to utilize natural energy such as ocean current or 

2 5 stream current . 

In early 1970s, amidoxime groups were found to be 
effective for collecting valuable metals such as uranium. 
In early 1980s, functional materials were extensively 



developed by radiation- induced graft polymerization, and 
collecting materials incorporating an amidoxime group into 
a graft side chain of existing polyolefin fibers were 
proposed to further improve performance. 
5 With the technical progress as described above and 

the social background demanding protection of the global 
environment and resource/energy saving, the necessity of 
developing the technology for collecting/recovering 
valuable metals in seawater was stressed again in 1990s. 
10 Fibrous metal collecting materials comprising a 

fibrous material having a metal-adsorbing function have a 
large surface area and are effective for adsorbing/removing 
minor metal ions in aqueous media such as seawater or river 
water. However, fibrous collecting materials are so bulky 
15 that aqueous media to be treated cannot be sufficiently 

directed to the vicinity of the collecting materials unless 
some measures are taken to successfully support them in 
aqueous media such as seawater or river water. 

If a large channel is provided in a metal collector 
2 0 incorporating a metal collecting material to direct aqueous 
media such as seawater or river water, the amount of the 
collecting material that can be contained in the collector 
decreases and therefore, the amount of metals collected by 
the collector as a whole decreases. If the amount of the 
2 5 collecting material in the collector is increased, however, 
the amount of aqueous media flowing into the collector 
decreases and therefore, the amount of metals collected by 
the collector as a whole also decreases . 

- 3 - 



Thus, there were demands for finding the structure of 
a metal collecting material for use in seawater or river 
water or industrial wastewater to give the most excellent 
adsorption efficiency. 
5 In order to efficiently collect and recover 

valuable metals from seawater to commercially utilize them, 
it is important not only to develop an excellent metal 
collecting material but also to develop a process for 
eluting/recovering a target metal from the collecting 
10 material having collected said metal. For example, if a 
metal is eluted from the collecting material but not 
effectively recovered and discarded, the collected metal 
cannot be effectively utilized. Metal collecting materials 
can also be used to collect and remove noxious heavy metals 
15 or the like from river water or industrial wastewater, in 

which case the collected metals are eluted and individually 
recovered and treated while the collecting materials are 
recycled. If some of the metals are not recovered but 
discarded during elution, they may invite the problems of 
2 0 environmental pollution or the like . 

Considering the importance of these problems, we 
carefully studied to find a process for eluting/recovering 
a metal from a metal collecting material having adsorbed 
and collected said metal with the least possible waste 
2 5 generation and energy consumption. 

No process has existed yet for efficiently eluting a 
metal from a metal collecting material having adsorbed said 
metal with the least possible waste generation. 



Stepwise elution with an eluent at an increasing 
concentration has been common in the field of ion exchange. 
For example, when raw water rich in calcium ion is ion- 
exchanged and regenerated with sulfuric acid, a regen- 
eration method is adopted starting with sulfuric acid at 
a low concentration and then stepwise increasing the 
concentration to prevent formation of gypsum (CaS0 4 ) , 
thereby completing regeneration through several stages, and 
called as stepwise regeneration. However, this method was 
intended to ensure normal regeneration by removing the 
cause of clogging, but not to positively separate and 
recover adsorbed substances . 

Not only how to use the eluent but also the elution 
characteristics of the collecting material has an important 
influence on efficient elution and recovery. Conventional 
ion exchange resins have a three-dimensional network 
structure consisting of styrene skeletons crosslinked with 
divinylbenzene to form a rigid polymer chain and ion 
exchange groups such as sulfone group or quaternary 
ammonium group are introduced into said rigid polymer chain, 
whereby they have low ion adsorption speed or diffusion 
speed. Therefore, diffusion speed of regenerants into the 
ion exchange resins after adsorption is also low, which 
means low regeneration efficiency as well as low separation 
efficiency between adsorbed ions, eg, between divalent 
metal ions such as calcium ion and monovalent metal ions 
such as sodium ion. This problem applies to not only the 
field of ion exchange but also the field of adsorption and 
- 5 - 



elution of metals to which the present invention pertains. 

Therefore, an object of the present invention is to 
provide a novel structure of metal collector using a 
fibrous collecting material for use in water to collect a 
5 metal in a liquid medium such as seawater or river water, 
and another object is to provide a process for efficiently 
separating and recovering valuable metals or noxious metals 
from a metal collecting material having collected said 
valuable metals from seawater or noxious metals from river 
10 water or wastewater with the least possible waste 
generation. 

nTKr.T.OSITRE of thf. INVENTION 

In order to solve the above problems, an aspect of 
15 the present invention relates to a metal collector formed 
by stacking at least partially alternate layers of a 
fibrous metal collecting material with a spacer for 
introducing a liquid to be treated into said collecting 
material, wherein the area of spacer side faces represents 

2 0 25-75% of the total area of collecting material side faces 
and spacer side faces in the side faces of the stack. The 
present invention also relates to a method for collecting a 
metal in a stream current, comprising placing said metal 
collector in the stream current. 

2 5 Another aspect of the present invention relates to a 

process for eluting and recovering a metal from a metal 
collecting material comprising the steps of: (1) contacting 
the metal collecting material having adsorbed a metal with 



a dilute eluent, (2) contacting the metal collecting 
material with an eluent more concentrated than in step 1 to 
recover the metal in the eluent; and (3) contacting a metal 
resorbing material with the eluate from step 2 to resorb 
the metal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a general view of a metal collector 
according to an aspect of the present invention. 

FIG. 2 is a partial enlarged view of FIG. 1. 

FIG. 3 shows the configuration of an example of a 
spacer that can be used in a metal collector according to 
an aspect of the present invention. 

FIG. 4 is a graph showing the relation between the 
amount of uranium collected per collector and the opening 
area ratio in the example according to an aspect of the 
present invention. 

FIG. 5 is a flow sheet of a metal recovery process 
according to another aspect of the present invention. 

THE MOST PREFERRED EMBODIMENTS OF THE INVENTION 

Each aspect of the present invention will now be 
explained in detail below. A metal collector according to 
an aspect of the present invention is first explained in 
detail. As described above, a metal collector according to 
an aspect of the present invention is formed by stacking 
at least partially alternate layers of a fibrous metal 
collecting material with a spacer for introducing a liquid 



to be treated into said collecting material, wherein the 
area of spacer side faces represents 25-75% of the total 
area of collecting material side faces and spacer side 
faces in the side faces of the stack. 
5 The fibrous collecting material is preferably in the 

form of a sheet such as a woven or nonwoven fabric. 
Preferably, these sheets of the fibrous collecting material 
J are stacked with a spacer inserted every other one or at 

^] regular intervals so that an aqueous medium is introduced 

f] 1 0 into the collector via said spacer to come into contact 

|fl with the collecting material. That is, the metal collector 

iU 

5 of the present invention is preferably arranged in such a 

0 manner that the flow of the aqueous medium strikes the side 

yi faces of the stack of the metal collector and enters into 

H 15 the collector from the side faces of the spacer to flow in 

the collector along the spacer, i.e., it is arranged in 
parallel flow in the flow of a liquid to be treated so that 
much aqueous medium can be introduced into the collector. 
The metal collector of the present invention is 
2 0 further wherein the ratio of the area of spacer side faces 
to the total area of collecting material side faces and 
spacer side faces in the side faces of a stack of layers of 
the collecting material and spacer (hereinafter referred to 
as "opening area ratio") is 25-75%. When the opening area 
2 5 ratio is increased in a metal collector having a certain 

size consisting of a stack of layers of a collecting mate- 
rial and a spacer, i.e., when the ratio of the thickness of 
the spacer to the thickness of the collecting material is 



increased, a larger channel is ensured in the collector 
so that more aqueous medium can be introduced into the 
collector, but the amount of the collecting material in the 
collector as a whole decreases and therefore, the amount of 
5 metals collected by the collector as a whole decreases . 
When the opening area ratio is decreased, i.e., when the 
ratio of the thickness of the spacer to the thickness of 
the collecting material is decreased, the amount of the 
collecting material in the collector increases, but less 

10 aqueous medium enters into the collector and therefore, the 
amount of metals collected by the collector as a whole 
decreases. Noting these facts, we studied to search for 
the optimum opening area ratio, with the result that we 
accomplished the present invention on the basis of the 

1 5 finding that the amount of metals collected by the collec- 
tor as a whole can be remarkably increased in the form of a 
peak while decreasing the amount of the collecting material 
in the metal collector as a whole by selecting an opening 
area ratio of 25-75%. 

2 0 In the metal collector of the present invention, the 

opening area ratio is more preferably 40-60%. 

The fibrous collecting material used in the metal 
collector of the present invention is preferably in the 
form of a woven and/ or nonwoven fabric to keep the large 

2 5 surface area characteristics of fibers and to provide good 
handling properties. Particularly when a nonwoven fabric 
is used, it is preferably formed by heat fusion of a fiber. 
Such a nonwoven fabric formed by heat fusion scarcely 



undergoes fiber detachment or strength loss because fiber 
strands are joined together at their contact points. 

The fibrous metal collecting material used in the 
metal collector of the present invention is a fibrous 
5 material such as a nonwoven fabric having a metal adsorbing 
function. Such materials having a metal adsorbing function 
include, for example, polymer materials having an amidoxime 
group or an imidodioxime group which has an ability to 
adsorb valuable metals such as uranium, vanadium and 

1 0 titanium; polymer materials having an iminodiacetate group 
which has an ability to adsorb iron, copper, cobalt, nickel 
or the like; and polymer materials having a thiol group 
which has an ability to adsorb mercury. 

Amidoxime and imidodioxime groups are very preferred 

1 5 functional groups to be introduced into the collecting 

material contained in the metal collector of the present 
invention because of their high stability constant for 
complexation with valuable metals such as uranium, vanadium 
and titanium in seawater. The amidoxime chelate functional 

2 0 group is said to be readily converted into an imidodioxime 
group via de amnion iat ion, but either functional group can be 
used in the collecting material of the present invention. 

The performance of high-performance collecting 
materials is also greatly influenced by the structure of 

2 5 the polymer chain of the substrate. For example, said 
functional groups can be introduced into a polymer 
substrate having a skeleton of a three-dimensional network 
structure such as polystyrene crosslinked resins. However, 



collecting materials are preferably graft polymerization 
materials obtained by graft -polymerizing a polymerizable 
monomer having a desired functional group on a backbone of 
a polymer substrate, considering adsorption speed and 
5 diffusion speed. When a polymerizable monomer (graft 
monomer) having a functional group is thus grafted on a 
backbone of a substrate, high adsorption speed and 
diffusion speed can be obtained because mobility is very 
high in the absence of crosslinkage of graft chains. Thus, 

1 0 materials incorporating an amidoxime group or imidodioxime 
group on a backbone of a polymer substrate are especially 
excellent for efficiently adsorbing uranium present in an 
amount as small as 3 ppb in seawater that is a high saline 
solution and other valuable metal ions and fractionally 

15 eluting them at high efficiency. 

The method to be used in the present invention for 
graft -polymerizing a polymerizable monomer having a desired 
functional group to a polymer substrate is preferably 
radiation -induced graft polymerization. Radiation- induced 

2 0 graft polymerization is a method that permits a desired 
graft polymer side chain to be introduced into a polymer 
substrate by irradiating the substrate to produce a radical 
and reacting it with a graft monomer, and characterized in 
that the number or length of the graft chain can be 

2 5 relatively freely controlled and the polymer side chain can 
be introduced into existing polymer materials in various 
shapes including woven or nonwoven fabrics which are most 
preferred substrates for use in the present invention. 



Therefore, this is the most preferred method for the 
purpose of the present invention. 

Radiations that can be used in radiation- induced 
graft polymerization well suitable for the purpose of the 
5 present invention include a-rays, |3-rays, Y _ra y s * electron 
rays, UV ray, etc., among which y-rays and electron rays 
are preferred for use in the present invention. Radiation- 
induced graft polymerization includes pre -irradiation graft 
polymerization involving preliminarily irradiating a graft 

1 0 substrate and then bringing it into contact with a 

polymerizable monomer (graft monomer) for reaction, and 
simultaneous irradiation graft polymerization involving 
simultaneously irradiating a substrate and a monomer, both 
of which can be used in the present invention. Radiation - 

1 5 induced graft polymerization also includes various manners 
of contact between a monomer and a substrate, such as 
liquid phase graft polymerization performed with a 
substrate immersed in a monomer solution, gas phase graft 
polymerization performed with a substrate in contact with 

2 0 the vapor of a monomer, or immersion gas phase graft 

polymerization performed by immersing a substrate in a 
monomer solution and then removing it from the monomer 
solution for a reaction in a gas phase, any of which can be 
used in the present invention. 

2 5 As already described above, woven /nonwoven fabrics 

are the most preferred materials for use as a substrate for 
collecting materials in the present invention, and are well 
suitable for use in the immersion gas phase graft 



polymerization because they tend to retain monomer 
solutions . 

In order to obtain a collecting material of the 
present invention by graft -polymerizing a polymerizable 
5 monomer having an amidoxime group or an imidodioxime group 
to a substrate via radiation -induced graft polymerization, 
for example, a polymerizable monomer having a nitrile 
group can be used as a graft monomer to conduct graft - 
polymerization, and then reacted with a hydroxylamine to 

1 0 convert the nitrile group into an amidoxime group or an 
imidodioxime group. 

Suitable spacers to be stacked with collecting mate- 
rials in metal collectors of the present invention may be 
in any form that allows a stream of water to be introduced 

1 5 into the collectors from side faces of the spacers and to 
flow in contact with the collecting materials along the 
spacers, but preferably in the form of a diagonal net as 
shown in Fig. 3 considering flow resistance and diffusion 
of the stream. Materials for spacers include, but not 

2 0 limited to, polyolef in-based polymers such as polyethylene 
or polypropylene and polyesters . 

The structure of a metal collector according to an 
aspect of the present invention is explained with reference 
to Figs. 1 and 2. Fig. 1 is a general view of a metal 

2 5 collector according to an aspect of the present invention, 
and Fig. 2 is an enlarged view of part A of Fig. 1. The 
metal collector of the embodiment shown in Fig. 1 is formed 
by alternately stacking layers of a metal collecting 



material consisting of a nonwoven fabric 11 with a spacer 
12 and fixing the stack with fastening members 13. When 
this collector is moored in a sea area having an ocean 
current with the side faces of the stack being horizontally 
5 oriented, for example, seawater is introduced into the 

collector along the spacer from the side faces of the stack, 
i.e., from any horizontal direction of the collector while 
little seawater flows in the vertical direction of the 
collector. The seawater introduced into the collector is 
10 diffused by the spacer and comes into contact with the 
collecting material, whereby metals contained in the 
seawater is adsorbed to the collecting material. 

Metal collectors of the present invention can be 
packed in a basket made of a metal net, for example, and 
15 moored in seawater or river water. 

The number of layers of the collecting material, the 
size and shape of the collecting material, the thickness 
per layer of the collecting material, the thickness of the 
spacer and the like are determined taking into considera- 
2 0 tion the number of days for which collectors are moored, 
the target level of metals to be collected, how to elute 
the metals collected, the speed of the ocean current, water 
temperature, handling properties or other factors. 

The place in which metal collectors of the present 
2 5 invention are immersed should have some speed of stream 
current. Metal collectors of the present invention are 
immersed in this stream current preferably for several to 
several tens of days, and therefore, the thickness of the 



collecting material and others must be determined taking 
into consideration shape retention of the collecting 
material and deposition of organisms during then, and shape 
retention and handling properties during various processes 
5 such as removal of deposited organisms by washing during 
recovery of the collecting material or elution. Diffusion 
of stream into collectors also must be considered. In 
these respects, the thickness per layer of the collecting 
material is preferably about 0.5-3.0 mm, and the thickness 

10 of the spacer is preferably about 0.5-5.0 mm. Obviously, 
preferred thicknesses of these components vary with the 
shape (longitudinal and width dimensions) of the collector. 
If the thickness per layer of the collecting material 
exceeds 3.0 mm, aqueous media insufficiently penetrate into 

1 5 the collecting material so that the internal functional 
group cannot be effectively utilized and the amount of 
metals collected per unit weight of the collecting material 
may decrease. Assemblies of thin sheets of the collecting 
material may be alternately stacked with spacers. That is, 

2 0 layers of the collecting material and spacer may be 

alternately stacked at least in part . In this case , each 
assembly of thin sheets of the collecting material 
preferably has a thickness in the above range. 

Metal collectors of the present invention can be used, 

2 5 for example, in an ocean current to collect valuable metals 
such as uranium, vanadium or titanium in seawater, or can 
be used in river water to collect and remove noxious metals 
such as cadmium, lead or copper in the river water, or can 



be used in industrial wastewater to collect and remove 
noxious metals such as mercury or remove nickel from nickel 
plating wastewater. 

Next, a process for eluting and recovering a metal 
5 from a metal collecting material according to another 

aspect of the present invention is described in detail. As 
described above, a process for eluting and recovering a 
metal from a metal collecting material according to another 
aspect of the present invention comprises the steps of: (1) 
10 contacting the metal collecting material having adsorbed a 
metal with a dilute eluent, (2) contacting the metal 
collecting material with an eluent more concentrated than 
in step 1 to recover the metal into the eluent; and (3) 
contacting a metal resorbing material with the eluate from 
15 step 2 to resorb the metal. 

As an example, a process of the present invention for 
eluting and recovering valuable metals such as uranium or 
vanadium adsorbed and collected from a metal collecting 
material consisting of a chelate resin based on an 
2 0 amidoxime group used to adsorb and collect said valuable 
metals from seawater is explained below. The process for 
recovering uranium or the like from a collecting material 
having adsorbed and collected uranium or the like from 
seawater as illustrated below is only an example to which 
2 5 the present invention can be applied, but those skilled in 
the art can readily appreciate that the present invention 
can also be applied to recover other metals from a 
collecting material having collected such metals. 



In a process according to an embodiment of the 
present invention, a metal collecting material consisting 
of a chelate resin based on an amidoxime group, which has 
been immersed in seawater for several tens of days to 
5 adsorb uranium or vanadium or the like, is brought into 
contact with a dilute eluent such as 0.01-0.1 N 
hydrochloric acid. With such dilute hydrochloric acid, 
magnesium and calcium are initially eluted while uranium 
and vanadium are not eluted. Then, the collecting material 
10 is brought into contact with an eluent more concentrated 
than the first eluent at step 2. When the collecting 
material is brought into contact with 0.5 N hydrochloric 
acid, for example, 90% or more of uranium adsorbed to the 
collecting material is eluted. The uranium level in the 
15 eluate is in the order of several tens of ppm, which means 
that the seawater level of 3 ppb can be concentrated 10000- 
fold. The eluate from step 2 contains little impurities 
such as magnesium and calcium, showing that purification 
also took place. 
2 o The type of the eluent is appropriately selected 

depending on the nature of the target metal to be recovered, 
how to purify the recovered metal, elution tendency, the 
nature of the functional group or durability. When the 
target metal to be recovered is uranium or vanadium, for 
2 5 example, hydrochloric acid is preferably used as an eluent. 
When noxious heavy metals such as nickel or copper have 
been collected with a collecting material having an 
iminodiacetate functional group, hydrochloric acid or 



sulfuric acid is preferably used as an eluent. The first 
eluent should be used at a concentration that allows non- 
target metals to be eluted but not target metals, and the 
second eluent should be used at a concentration that allows 
5 target metals to be eluted. This varies with the type of 
the eluent used, the nature of the metal to be recovered, 
the nature of the non- target metal to be removed during the 
first elution step, contaminant deposition condition in 
operation environment, etc., and can be experimentally 
10 determined by preliminary tests. When hydrochloric acid is 
used as an eluent to recover uranium, for example, it is 
preferable that the first eluent is at a concentration of 
0.01-0.1 N and the second eluent is at 0.2-1 N. 

Then, the uranium- containing eluate from step 2 is 
15 adsorbed to a metal-resorbing material which is different 
from the collecting material. This allows further 
concentration and purification of uranium. The metal 
resorbing materials suitable for use in step 3 can be 
selected from those having a chelating group having a high 
2 0 stability constant for complexation with uranium in acidic 
solutions. Obviously, the type of the metal resorbing 
material used depends on the nature of the target metal, 
and those skilled in the art can readily determine which 
type of metal resorbing material is preferred for which 
2 5 kind of metal. Suitable metal resorbing materials can be 
in the form of a bead- like resin, fiber material, woven or 
nonwoven fabric material, net material, sponge material, 
plate material, film material or processed product thereof. 



Chelate resins can be preferably used as collecting 
and metal resorbing materials. Chelate resins used for 
this purpose may have a skeleton of a three-dimensional 
network structure obtained by crosslinking polystyrenes, 
but chelate resins based on graft polymerization are more 
advantageous in the respects of adsorption speed, diffusion 
speed in eluent, separation efficiency from other metals, 
etc. Materials having a functional group especially having 
affinity for a specific metal such as inclusion compounds 
can also be used as collecting materials and/or metal 
resorbing materials . 

The process of the present invention can further 
comprises, between steps 1 and 2, the step of contacting 
the collecting material with an eluent having a concen- 
tration higher than that of the eluent in step 1 but lower 
than that of the eluent in step 2. The metal collecting 
material can also collect other valuable metals than 
uranium contained in seawater such as vanadium, titanium 
or cobalt. When the concentration of the eluent to be 
contacted with the collecting material is stepwise 
increased, a specific metal ion is eluted in response to 
the concentration. This method can prevent other metal 
ions from being included in the eluate of the target metal 
to be recovered. In this case, the concentration of the 
eluent used in each elution step should be selected to 
elute only a desired specific metal ion. Such a 
concentration varies with the nature of the metal ion to be 
recovered or the type of the eluent used, but can be 



experimentally determined by preliminary tests. In this 
embodiment, the eluate of a specific metal ion from each 
step is used to resorb the target metal to a metal 
resorbing material at step 3 . 
5 In the process of the present invention, the eluate 

from step 1 and/or the eluate from step 3 (the eluent 
having been used to resorb the target metal to a metal 
resorbing material) can be used as a washing solution for 
the collecting material before step 1. A mass of marine 
10 organisms and secretes or dead bodies thereof are deposited 
on the collecting material immersed in seawater for a long 
period. These deposits can be largely removed by contact 
with an aqueous solution having a composition different 
from the composition of seawater. The reason for this is 
15 unknown, but seems to be influenced by osmosis or pH. 

Therefore, the collecting material is desirably washed 
before step 1 of the process of the present invention. The 
washing solution used for this purpose may be the eluate 
from step 1 or the eluent having been used for metal 
2 0 resorption treatment in step 3 after the concentration is 
appropriately adjusted. 

The eluent having been used for metal resorption 
treatment in step 3 of the process of the present invention 
has a concentration somewhat lower than the concentration 
2 5 of the eluate from step 2, and thus can be used as an 
eluent in step 1 after it is appropriately diluted. 

By adopting these procedures, the eluate from step 1 
and/or 3 can be effectively recycled in the process. 



In the process of the present invention, the metal 
resorbing material to which the target metal has been 
resorbed during step 3 contains the target metal highly 
concentrated. The resin can be removed and disassembled to 
5 recover the target metal . An eluent further concentrated 
than the eluent used in step 3 can also be brought into 
contact with the metal resorbing material to which the 
target metal has been resorbed to recover said metal in the 
eluent . 

10 As an example, the metal collecting material that can 

be treated by the process of the present invention is a 
metal collecting material containing an amidoxime group 
and/ or imidodioxime group as a functional group. The 
amidoxime chelate functional group is the most preferred 

1 5 chelate functional group for the purpose of recovering 
uranium from seawater because of the high stability 
constant for complexation with valuable metals such as 
uranium in seawater. The amidoxime group is said to be 
readily converted into an imidodioxime group via deammonia- 

2 0 tion, but either functional group can be used for the metal 
collecting material. The collecting material having such a 
functional group can be moored in an ocean current to 
collect valuable metals such as uranium in seawater with 
the aid of natural current such as ocean current . Other 

2 5 examples of metal collecting materials include collecting 

materials having an iminodiacetate group for adsorbing iron, 
copper, cobalt or nickel, and collecting materials having a 
thiol group for adsorbing mercury. 



As an example, the metal collecting material that can 
be treated by the process of the present invention may be 
in the form of a woven or nonwoven fabric material 
consisting of a fiber assembly. Collecting materials in 
5 the form of a woven or nonwoven fabric take advantage of 

the large surface area of fibers and are convenient for the 
adsorption system linked to ocean current because woven or 
nonwoven fabrics can be easily shaped into any form. The 
amount of valuable metals adsorbed increases as the amount 

10 of seawater flown into the collecting material increases . 
In the case of conventional bead-like resins, the inflow 
amount of seawater was small because they were used in a 
packed column system suffering large pressure losses. 

The metal collecting material that can be treated by 

1 5 the present invention is preferably obtained by introducing 
a polymer side chain having a desired chelate functional 
group onto a backbone of a polymer substrate via radiation - 
induced graft polymerization. Adsorption and elution 
characteristics of the metal collecting material is sig- 

2 0 nificantly influenced by not only the type of the chelating 
group but also the structure of the polymer chain. The 
graft side chain introduced onto a backbone of a polymer 
substrate as described above is not crosslinked, so that 
high adsorption speed and diffusion speed can be obtained 

2 5 because of very high mobility. Thus, such a material is 
especially excellent for efficiently adsorbing uranium 
present in an amount as small as 3 ppb in seawater that is 
a high saline solution and other valuable metals and 



fractionally eluting them at high efficiency. 

Radiation -induced graft polymerization is the most 
preferred method for the purpose of the present invention, 
because it is a method that permits a desired graft polymer 
5 side chain to be introduced into a polymer substrate by 

irradiating the substrate to produce a radical and reacting 
it with a graft monomer and characterized in that the 
number or length of the graft chain can be relatively 
freely controlled and the polymer side chain can be 

1 0 introduced into existing polymer materials in various 
shapes including woven or nonwoven fabrics . 

Radiations that can be used in radiation-induced 
graft polymerization include a-rays, p-rays, y-rays, 
electron rays, UV ray, etc., among which y-rays and electron 

15 rays are especially preferred. Radiation -induced graft po- 
lymerization includes pre -irradiation graft polymerization 
involving preliminarily irradiating a substrate and then 
bringing it into contact with a polymerizable monomer for 
graft polymerization reaction, and simultaneous irradiation 

2 0 graft polymerization involving simultaneously irradiating a 
substrate and a polymerizable monomer, both of which can be 
used for the preparation of metal collecting materials to 
be treated by the process of the present invention. 

When a metal collecting material in the form of a 

2 5 nonwoven fabric containing an amidoxime group and/ or 

imidodioxime group is used as a metal collecting material 
that can be treated by the process of the present invention, 
for example, the amidoxime group and/or imidodioxime group 



can be formed by graft -polymerizing a polymerizable monomer 
(graft monomer) consisting of acrylonitrile and 
amidoximizing it with hydroxylamine or the like. 

The process for eluting and recovering a metal from a 
metal collecting material according to the above embodiment 
of the present invention is explained with reference to the 
drawing . 

Fig. 5 is a flow sheet showing a process according to 
an embodiment of the present invention. A process for 
recovering a valuable metal such as uranium or vanadium 
from seawater is explained along the flow sheet. In Fig. 5, 
various reference numbers represent the following elements: 
1: metal collecting material elution tank (steps 1 and 2); 
2: metal resorbing material tank (step 3); 3: first eluent; 
4: second eluent; 5: storage tank for eluate from step 1; 
6: storage tank for eluate from step 2; 7: waste liquor 
after resorption from step 3; 8: eluent for metal resorbing 
material; 9: eluate of metal resorbing material; 10: 
effluent treatment equipment. 

Metal collecting materials having adsorbed valuable 
metals in seawater after mooring in an ocean current for a 
given period are packed into metal collecting material 
elution tank 1. Collecting materials on which a mass of 
marine organisms or secretes are deposited can be washed 
with eluate 5 from step 1 to remove the deposits. Waste 
liquor 7 after resorption from step 3 may be appropriately 
diluted and used as a washing solution. The washing waste 
liquor from this washing step is discharged after some 
- 24 - 



water treatment to meet a regulatory value for effluent in 
effluent treatment equipment 10 because it contains solids 
or organic matters derived from organisms . Although 
washing takes place in elution tank 1 in Fig. 5, washing 
5 may also take place in another washing tank not shown when 
washing efficiency is low. 

Washed metal collecting materials are brought into 
contact with a first dilute eluent 3 such as dilute 
hydrochloric acid of 0.1 N or less to elute and remove 

10 calcium or magnesium (step 1). The eluate containing 

calcium or magnesium at high level from this step can be 
stored in storage tank 5 for eluate from first step and 
used as a washing solution in the next process. 

Then, the collecting materials are brought into 

1 5 contact with a second eluent 4 more concentrated than the 
first eluent such as hydrochloric acid of 0.5 N or more to 
elute a valuable metal such as uranium or vanadium (step 2). 
The eluate is stored in storage tank 6. This eluate 
contains a valuable metal such as uranium or vanadium at 

2 0 some concentration (in the order of several ppm to several 
tens of ppm). In step 2, a driving solution is preferably 
further passed after the eluent to drive the eluent 
remaining in the collecting materials. The driving 
solution used for this purpose may be water or optionally 

2 5 tap water-treated water or seawater. 

In order to further concentrate the valuable metal in 
eluate 6 from step 2, eluate 6 is passed through metal 
resorbing material tank 2. Metal resorbing material tank 2 



is packed with a chelate resin or the like capable of 
resorbing the target metal. When uranium is to be recov- 
ered, for example, metal resorbing material tank 2 can be 
packed with a resin based on an amidoxime group. In metal 
5 resorbing material tank 2 , the target metal is resorbed to 
the resin (step 3). Effluent 7 from step 3 is somewhat 
less concentrated than the second eluent because it 
contains the driving solution and washing solution, but it 
is sufficiently useful as the first eluent so that it can 

10 be used as first eluent 3 by appropriately adjusting the 

concentration. Alternatively, effluent 7 can be used as a 
washing solution before step 1. 

The target metal resorbed on the metal resorbing 
material can be directly recovered by disassembling the 

15 resin. Alternatively, the resin can be contacted with a 

further concentrated eluent 7 such as further concentrated 
hydrochloric acid (for example, 1-5 N) to elute the metal 
adsorbed on the resin in eluate 9 again. The target metal 
is contained at a very high level in eluate 9 so that it 

2 0 can be recovered by methods known in the art . 

EXAMPLES 

Each aspect of the present invention is explained in 
detail by way of example below. The following examples are 
2 5 intended to illustrate but not to limit the present 
invention. 
Example 1 

Preparation of a metal collecting material 
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A nonwoven fabric having an areal density of 60 g/m 
made of a polyethylene fiber of 10-20 in diameter was 
irradiated with y-rays at 150 kGy in a nitrogen atmosphere 
and then immersed in a mixed monomer solution of acryloni- 
trile and methacrylic acid at 50°C for 6 hours for graft 
polymerization. Then, the nonwoven fabric was immersed in 
dimethylf ormamide for washing at 50°C for 3 hours and then 
weighed to give a grafting degree of 132%. 

The grafted nonwoven fabric obtained above was 
immersed in a mixed solution of 50% methanol and 50% water 
containing 3% hydroxylamine hydrochloride and heated at 
80°C for 1 hour for amidoximation. Then, the nonwoven 
fabric was immersed in a 2% potassium hydroxide solution 
for alkaline treatment at 80°C for 1 hour. This nonwoven 
fabric was thoroughly washed with pure water. The 
resulting metal collecting material had a thickness of 
1 .05 mm. 



Construction of a metal collector 

2 0 Layers of each of the metal collecting material 

having a thickness of 1.05 mm obtained above and a 
polyethylene spacer in the form of an diagonal net (having 
the structure shown in Fig. 3) having various thicknesses 
shown in Table 1 were alternately stacked and joined 

2 5 together by fastening members to form an uranium collector 
of 290 mm x 150 mm x 275.4 mm thick having the structure 
shown in Fig . 1 . 
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Collection and recovery of uranium in seawater 

A basket made of a stainless net containing units of 
the uranium collector formed above was immersed in a sea 
area having an ocean current flowing at about 1 m/ sec 
(about 3 m below the sea level) for 20 days. The seawater 
uranium level in this sea area was 3.1 ppb. 

After immersion for 20 days, the uranium collectors 
were pulled up from the sea and the collecting materials 
were washed with pure water. Then, the collectors were 
packed in an elution column. The column was eluted with 
100 liters of 0.5 N hydrochloric acid to recover the 
collected uranium. After elution and recovery, the 
collectors were disassembled and the collecting materials 
were removed to determine uranium uneluted at 0.5 N, which 
showed that 95% or more of the collected uranium was 
dissociated. 

The amount of thus recovered uranium is shown in 
Table 1. The amount of uranium collected per collector is 
shown in Fig. 4, which demonstrates that the amount of 
uranium collected per collector is remarkably high In the 
form of a peak when the opening area ratio is within the 
range of the present invention of 25-75%. 
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Table 1 



Spacer 
(mm) 


Number of 

collecting 

materials 


Opening 
area 
ratio 
(%) 


Total weight 
of collecting 
materials ( g ) 


Eluted 
uranium 


Adsorbed uranium 
per unit weight 
of collecting 
materials (ng/g) 


Collected 
uranium per 
collector 
(mg) 


0.3 


205 


22 


1330 


264 


198 


263 


0.5 


176 


32 


1129 


460 


407 


460 


0.8 


151 


43 


979 


485 


495 


485 


1.2 


122 


53 


790 


555 


703 


555 


1.8 


94 


63 


622 


436 


701 


436 


2.5 


76 


70 


490 


401 


818 


400 


4 


53 


79 


348 


353 


1014 


353 


10 


25 


91 


156 


162 


1038 


162 



Example 2 

Preparation of a metal collecting material 
5 A nonwoven fabric having an areal density of 60 g/m 2 

made of a polyethylene fiber of 10-20 ^m in diameter was 
irradiated with y-rays at 150 kGy in a nitrogen atmosphere 
and then immersed in a mixed monomer solution of acryloni- 
trile and methacrylic acid at 50°C for 6 hours for graft 

10 polymerization. Then, the nonwoven fabric was immersed in 
dimethylformamide for washing at 50°C for 3 hours and then 
weighed to give a grafting degree of 132%. 

The grafted nonwoven fabric obtained above was 
immersed in a mixed solution of 50% methanol and 50% water 

1 5 containing 3% hydroxylamine hydrochloride and heated at 
80°C for 1 hour for amidoximation . Then, the nonwoven 
fabric was immersed in a 2% aqueous potassium hydroxide 



solution for alkaline treatment at 80°C for 1 hour. This 
nonwoven fabric was thoroughly washed with pure water and 
used as a metal collecting material. 

5 A dsorption and collection of valuable metals in seawater 
Ten test samples of 20 cm x 30 cm were cut out from 
the metal collecting material obtained from a nonwoven 
Q fabric as described above and packed in a basket made of a 

€j stainless net. The basket containing the test samples was 

W 10 moored in a sea area having an ocean current flowing at 

CO about 1 m/sec (about 3 m below the sea level) for about 3 

= weeks to collect valuable metals in seawater by adsorption. 

q The seawater uranium level in this sea area was 3 . 1 ppb . 

fl 

ri 

£T 15 Recovery of valuable metals 

The metal collecting materials having adsorbed 
valuable metals were pulled up from the sea and washed 
with the effluent of 0.1 N hydrochloric acid that had 
been passed through the collecting materials. Then, the 
2 0 collecting materials were packed in an elution column (50 
mm in diameter) by stacking a total height of 40 cm of 2 
rolls each consisting of 5 sheets of the collecting 
material of a nonwoven fabric of 20 cm x 30 cm. 

The column was eluted with 1200 ml of 0.1 N 
2 5 hydrochloric acid and the effluent from the column was 
stored for the next washing. This effluent contained 
calcium and magnesium at high levels but little valuable 
metals such as uranium or vanadium. 



Then, 1200 ml of 0.5 N hydrochloric acid was passed 
through the column and 600 ml of water was further passed 
through the column to drive the remaining solution. The 
uranium level in a total of 1.8 liters of the effluent from 
5 the column was measured to be 4.7 mg/1. The collecting 
materials having been subjected to the second elution 
treatment were disassembled and the amount of uranium that 
™ could not be eluted with 0.5 N hydrochloric acid was 

j3 determined to be below 0.1 mg # showing that 95% or more of 

C; 10 the collected uranium could be efficiently eluted. 

C3 The effluent from the elution column obtained above 

s was passed at SV3 through a metal resorption column packed 

O with 50 ml of a bead-like chelate resin having a high 

y stability constant for complexation with uranium (Unicellex 

S3 

2 15 UR-3100 made by Unitika) to resorb uranium onto the resin. 

The uranium level in the effluent from the resorption 
column was determined to be 1.4 ppb, showing that most of 
uranium was resorbed to the chelate resin. The uranium 
level in the resin was 0.024%, which means that the 

2 0 seawater level of 3.1 ppb was concentrated about 8000-fold. 
Moreover, 90% of other metals in seawater such as calcium 
or magnesium were separated. 

This column containing the chelate resin having 
resorbed uranium was eluted again with 150 ml of 2 N 

2 5 hydrochloric acid to recover 200 ml of a solution 
containing 40 mg/1 uranium. 



INDUSTRIAL APPLICABILITY 
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With metal collectors according to an aspect of the 
present invention, valuable metals in seawater or heavy 
metal ions in river water can be efficiently collected with 
the aid of natural forces. Thus, metal collectors of the 
present invention are very promising as a solution to 
energy, resource and environmental issues in future. 
Processes for eluting and recovering a metal from a metal 
collecting material according to another aspect of the 
present invention allow a target metal to be recovered in a 
purified state from a metal collecting material, so that 
recovery efficiency can be remarkably increased if they are 
applied to the technique for collecting valuable metals 
such as uranium or vanadium from seawater, or collecting 
and removing noxious metals such as cadmium, lead or copper 
in river water, or collecting and removing noxious metals 
such as mercury from industrial wastewater, or removing 
nickel from nickel plating wastewater. The eluent can be 
reused as many times as possible, whereby reducing costs 
for recovery. Therefore, processes of the present 
invention are very promising as a solution to energy, 
resource and environmental issues in future. 
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CLAIMS 

1. A metal collector formed by stacking at least 
partially alternate layers of a fibrous metal collecting 
material with a spacer for introducing a liquid to be 
treated into said collecting material, wherein the area of 
spacer side faces represents 25-75% of the total area of 
collecting material side faces and spacer side faces in the 
side faces of the stack. 

2. The metal collector of Claim 1 wherein said 
collecting material is in the form of a woven and/or 
nonwoven fabric consisting of a fiber assembly. 

3. The metal collector of Claim 1 or 2 wherein said 
collecting material has a metal adsorbing functional group 
introduced into a fiber substrate via radiation -induced 
graft polymerization. 

4. The metal collector of any one of Claims 1 to 3 
wherein said collecting material has a metal adsorbing 
functional group including an amidoxime group and/or 
imidodioxime group. 

5. The metal collector of any one of Claims 1 to 4 
wherein said collecting material has a thickness of 0.5- 
3 . 0 mm. 

6. The metal collector of Claim 4 wherein the target metal 
to be collected is uranium, vanadium or titanium. 

7. A method for collecting a metal in a stream current 
comprising placing the metal collector of any one of Claims 
1 to 6 in the stream current . 

8. The method of Claim 7 wherein the stream current is 
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an ocean current and the target metal to be collected is 
uranium, vanadium or titanium. 

9. A process for eluting and recovering a metal from a 
metal collecting material comprising the steps of: (1) 
contacting the metal collecting material having absorbed a 
metal with a dilute eluent, (2) contacting the metal 
collecting material with an eluent more concentrated than 
in step 1 to recover the metal in the eluent; and (3) 
contacting a metal resorbing material with the eluate from 
step 2 to resorb the metal. 

10. The process of Claim 9 further comprising, between 
steps 1 and 2 , the step of contacting the collecting 
material with an eluent having a concentration higher than 
that of the eluent in step 1 but lower than that of the 
eluent in step 2 . 

11. The process of Claim 10 further comprising two or 
more elution steps between steps 1 and 2 wherein the eluent 
in later steps is adjusted at a concentration higher than 
in early steps in said further elution steps. 

12. The process of any one of Claims 9 to 11 further 
comprising the step of washing the collecting material 
before step 1 with the effluent from step 1 and/or the 
effluent from step 3 (effluent from resorption of the 
target metal to a metal resorbing material) . 

13. The process of any one of Claims 9 to 12 wherein the 
effluent from step 3 (effluent from resorption of the 
target metal to a metal resorbing material) is used as an 
eluent in step 1 . 
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14. The process of any one of Claims 9 to 13 further 
comprising the step (4) of contacting the metal resorbing 
material having resorbed the target metal from step 3 with 
an eluent more concentrated than the eluent used in step 3 
to recover the target metal in the eluent . 

15. The process of any one of Claims 9 to 14 wherein the 
metal collecting material to be treated contains an 
amidoxime group and/or imidodioxime group. 

16. The process of any one of Claims 9 to 15 wherein the 
metal collecting material to be treated is in the form of a 
woven or nonwoven fabric consisting of a fiber assembly. 

17. The process of any one of Claims 9 to 16 wherein the 
metal collecting material to be treated is prepared by 
using radiation -induced graft polymerization. 
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Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

METAL-COLLECTING APPARATUS AND METHOD FOR 

ELUTION AND RECOVERY OF METAL FROM 

METAL-COLLECTING MATERIAL 



m%-rzmn) csnEs^ufc. 



the specification of which 
□ is attached hereto. 

was filed on April 25, 2000 



as United States Application Number or 
PCT International Application Number 
PCT/JP00/02699 and was amended on 
(if applicable). 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 



tot-to 



I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 
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fttt, *a«Jft®35«119* (a) - (d) SX(i365* (b) ffltc 
&«fri&**&?365 (a) ai:l^<Il*E XttftSTOft 

Prior Foreign Applications) 

119178/1999 Japan 



(Number) 
119181/1999 



(Number) 



Japanese Language Declaration 

I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 

27/4/1999 S □ 

Yes No 
(in ih^ 
B □ 
Yes No 



(Country) 

(H£) 
Japan 



(Country) 
(H«) 



(Day/Month/Year Filed) 

(ajis^H) 

27/4/1999 

(Day/Month/Year Filed) 

(Hi 1MB) 



tin 



5&(i.3!§35»#H8tJlll9* (e) ffl^»-^TTfc©*H#fr 



I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) 

<hib®#) 



(Filing Date) 

(fcHKB) 



(Application No.) 



(Filing Date) 



a Tfrl0*Hi£ft»35ail2O*«ca^^-CTfB©*H«ffr 
^ 365* (c) Cffi-3<«*J*££C£3SLi:-ro &SiM<D& 

tt4$flFiSA*iKiai»iitBB*t*©SBM+KA¥S*tA:. 3i»* 
M8«JI^37IBl*56S-CS*5*tfc«fl ! r»r:««>*«6K:B81"4fi5 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1 .56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 



(Application No.) 



(Application No.) 



(Filing Date) 

(HUBS) 



(Status: Patented, Pending, Abandoned) 



(Filing Date) 

(tBKB) 



mm.x-h d . Aofi©Af Lfcit m t a©ti t&tzz tea-?' 
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(Status: Patented, Pending, Abandoned) 

(mu ■. ^mm^m, nm*p* nmm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 



F. Obion, Reg. No. 2 4.618 : Marvin J. Spivak, Reg. No. 24,313; C. Irvin McClelland, Reg. No.JLL124_; Gregory J. Maier, Reg. No. 
25,599; Arthur I. Neustadt, Reg. No. 2 4,854; Richard D. Kelly, Reg. No. 27.757; James D. Hamilton, Reg. No . 28,421 ; Eckhard H. Kuesters, 
Reg. No. 28.870: Robert T. Pous, Reg. No . 29,099 ; Charles L. Gholz, Reg. No. 26.395; William E. Beaumont, Reg. No . 30,99 6; Jean-Paul 
Lavalleye, Reg. No. 31,451; Stephen G. Baxter, Reg. No. 32,884; Richard L. Treanor, Reg. No. 3 6,379; Steven P. Weihrouch, Reg. No. 
^JSgjJohn T. Goolkasian, Reg. No J _26 1 142j L Richard L. CTiinn, Reg. No. 34,305; Steven E. LipmarT, Reg. No. 30,01 1 ; C arl E. Schlier, Reg. 
No- 34,426; J ames J. Kulbaski, Reg. No. 3 4,648; R ichard A. Neifeld, Reg. No. 35,299l J- Derek Mason, Reg. No._35 1 270j_SurinderSachar, 
Reg. No„3iM23^-Jeffrey B. Mclntyre, Reg. NqJ36ji6i_yViltiam T. Enos, Reg. N o. 33,128; Michael E. McCabe, Jr., Reg. No. 37,182; Bradley 
D. Lytle, Reg. No. 40,073; and Michael R. Casey, Reg. No^JO^gg^with full powers of substitution and revocation. 



fllliii'ft'Sfc Sencl Correspondence to: 

OBLON, SPIVAK, MCCLELLAND, MAIER & NEUSTADT , P.C. 
FOURTH FLOOR 

i 1 755 JEFFERSON DAVIS HIGHWAY 

; "" ARUNGTON, VIRGINIA 22202 USA 



ft EScWiS3®$&3fe : (^M&.tFfWSS-^) Direct Telephone Calls to: (name and telephone number) 

y (703)413-3000 



1 mmmmmttzitm— (D&mmm<DR% 


Full name of sole or first joint inventor 

~ } Takanobu _SIIGJQ. 




Inventor's signature /? DateQ c t 1, 

n^.^rlA 2001 


] &m 


Residence i . p y 

Junma, Japan -J* r" 


, mm 


Citizenship 

Japanese 




Post Office Address c/o Japan Atomic Energy 
Research Institute, Takasaki Radiatxon 
fThP.m-lRt.rv -Rpsftarch Establishment 




1233, Watanuki-cho, Takasaki-shi, Gurnna 
370-1292 Japan 




Full name of second joint inventor, if any 

Akio KATAKAL. 




Second joint Inventor's signature Date oct.l, 

Ak\t> KocUk<U 2001 




Residence 

Gunma, Japan — ir/- 1 


mm 


Citizenship 

Japanese 




Post Office Address c/o Japan Atomic Energy 
Research Institute, Takasaki Radiation 
Chemistry Research Establishment 




1233, Watanuki-cho, Takasaki-shi, Gunma 
370-1292 Japan 



(SI=JSU*©*H»W#K:o», >T b HttCCfltU W^T -S Z t ) (Supply similar information and signature for third and subsequent 

joint inventors.) 



Page 3 of Jl_ _j 

6/00 





Japj 


ines 


3e Language Declaration 










Full name of third joint inventor, if any 
Jtoriaki SEKQ 












Third joint Inventus signature? Date Oct. 1, 

■TlsfrUA^) 2001 




ma 


Residence ^ — „ , 
Jntimfl , Japan O ( r 




mm 


Japanese 






Post Office Address c/o Japan Atomic Energy 
Research Institute, Takasaki Radiation 






Chomiotry Rxjocar eh Establishment 

1233, Watanuki-cho, Takasaki-shi, Gunma 
1 370 1292 Japan 1 




















oo 




Full name of fourth joint inventor, if any 

Shin HASEGAWA 






Btt 






Fourth joint Inventor's signature Date Q rr i 

$AU %/&9ejw<^ 2001 ' 




&m 


Residence u 

..Gunma^ Japan 




mm 


Citizenship 'T/% 
Japanese 






Post Office Address c /° J a P an Atomic Energy 
Research Institute, Takasaki Radiation 
Chemistry Research-Establishment 






1233, Watanuki-cho, Takasaki-shi, Gunma 
370-1292 Japan - 
























Full name of fifthjoint inventor, if any 

Kunio FUJTWARA 






Btt 






Fifth joint Inventor's signature Date Oc t . 1 , 
Ku^Jj&- ^AjmW^s^ 2001 






Residence y 

_Kanap;awa, Japan o< r 




HH 


Citizenship 

Japanese 






rOSt CJTTICe AGOXeSS C / (J ijjjZllxii IxSIj o Ej±\jxkj n • , J_i LLf • 
4-2-1, Honf uj isawa , Fujisawa-shi , 






jxanagawa zji-ojuz japan 




















u - 


-co 


Full name of sixth joint inventor, if any 

Hiroshi NAGAI 






Btt 






Sixth joint Inventor's signature Date Oc t . 1 , 

Whoshi A/a^h 2001 






Residence ~, 

JSanagawa., Japan Jf p- 




mm 


Citizenship 

Japanese 






Post Office Address c/o EBARA RESEARCH CO., LTD. 
4-2-1, Honfuj isawa, Fujisawa-shi . 






Kanagawa 251-8502 Japan 




( IB A S 12 * tilUm <D * [5] §gB£# IZ # U T t> n « 4- « 


(Supply similar information and signature for third and sub- 
sequent joint inventors.) 
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Fullnameof seventh joint inventor, if any 
H-Mpn KAWAZU 




7 th iointjnwentor's signature & DateOct . 1 , 

jti&j&r 2001. 




Residence 

Kanaga&a-»- Japan 




Citizenship '"pPX 

Japanese v_m / 




PcstOfficeAddress c/o EBARA RESEARCH CU. ,IT 
4-2-1, Honfu-jisawa, Fuj isawa-shi , 




Kanagawa 251-8502 Japan 






Fullnameof eighth joint inventor, if any • 
Kp^nvnshi TAKEDA 






am 


Resident / 

Kanaaawa , Japan 




Citizenship - 

Japanese ' ' 




Post Office Address c /o EBARA RESEARCH CO., LTD. 
/i-2-1, HnnfnjimT.n J Fujicawn-rh-f j 




Kanagawa 251-8502 Japan 






Fullnameof ninth joint inventor, if any 
fiai-.ofihi KONISHI 




9th joint Jnvertor^sign^ure Date Oct.l, 




Residence I^V 

Kanaaawa, Janan Jr A 


Bit 


Citizenship 

.Tpmanese 




PcstOfficeAddress c/o EBARA RESEARCH CO., LTD. 
4_2-l, Honfuiisawa, Fu.iisawa-shi, 




Kanagawa 251-8502 Japan 






Fullnameof tenth joint inventor, if any 

flirievuki MISAWA . — 




10 th joint Inventor's signature Date Oct.l, 




Residence 

Kanaaawa. Japan ^ 


an 


Citizenship 

JapaneS£ c/o EBARA RESEARCH IU.,L1U. 




P ?i°^ A »u3isawa, Fujisawa-shi, 




Kanagawa 251-85UZ japan 



(m A * Mi * tiJy»<7)*ra*W#t=M LTfc Httfcfll (Supply similar information and signature for third and sub- 

***vmitmmt*zto ) sequent joint ' tmentors - ] 
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(0*i§aM) 




Full name of Uih joint inventor, if any 
,Xakaafci kawakami 




11th joint Inventors signature Date Oct. 1, 
^X^fc ^,vX^> 2001 




Residence 

Kgnagawa , Japan 


mm 


Citizenship ^\Pf 
Japanese 




Post Office Address c/o EBARA RESEARCH CO., LTD 
4-2-1, Honfuiisawa, Fuiisawa-shi , 




Kanagawa 251-8502 Japan 






Full name of 12th joint inventor, if any 
Junichi KANNO 




12th joint Inventor's signature Date Oc t . 1 , 

j^cjJ 2001 




Residence 

Kanagawa, Japan 


mm 


Citizenship J^f )C 
Japanese 




Post Office Address c/o EBARA RESEARCH CO., LTD. 
4-2-1, Honfuiisawa, Firj isawa-shi , 




Kanagawa 251-8502 Japan 






Full name of 23thjoint inventor, if any 

Keiji HASEGAWA 




1 3 th joint Inventor's signature Date Oc t . 1 , 
i>6eSA: /^5^S?£^_ .- .2001 




Residence p 

Kanagawa , Japan , IfX 


as 


Citizenship 

Japanese 




Post Office Address c/o EBARA RESEARCH CO., LTD. 
4-2-1, Honfuiisawa, Fuiisawa-shi, 




Kanagawa 251-8502 Japan 





Full name of 14th joint inventor, if any 

Masai i AKAHORI 




14 th joint Inventor's signature Date Oc t . 1 , 

n^f- A(^^r^r 2001 




Residence 

Tokyo, Japan J 


mm 


Citizenship 

Japanese 




Post Office Address c/o EBARA CORPORATION 
11-1, Haneda Asahi-chi, Ohta-ku, 




Tokyo 144-8510 Japan 




(Supply similar information and signature for third and sub- 
sequent joint inventors.) 
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